Carbamylphosphate synthetase from Salmonella typhimurium. Regulations, subunit composition, and function of the subunits.
Carbamylphosphate synthetase was purified to homogeneity from a derepressed strain of Salmonella typhimurium by a procedure based on affinity chromatography employing immobilized glutamine. The enzyme catalyzes the synthesis of carbamylphosphate from either ammonia or glutamine together with ATP and bicarbonate. The ATP saturation curve of either nitrogen donor is sigmoidal (n equals 1.5) but the affinity for ATP is higher with ammonia. In addition to the feedback inhibition by UMP and activation by ornithine which we previously reported (1), the activity was found to be stimulated by IMP and phosphoribosyl-1-pyrophosphate. Evidence from pool measurements in enteric bacteria by others suggests that of the latter two compounds only phosphoribosyl-1-pyrophosphate is physiologically significant. All effectors regulate enzyme activity by altering its affinity for ATP. Glutamine also modulates the affinity for ATP; it is increased as glutamine concentratiions decrease, an effect that could serve to insulate the cell against major changes in carbamylphosphate synthesis in response to fluctuations in concentration of glutamine. The molecular weight of the holoenzyme was estimated to be 150,000 by sucrose density gradient centrifugation in triethanolamine and Tris-acetate buffers in which the enzyme is a monomer. In the presence of ornithine in potassium phosphate buffer, the enzyme is an oligomer with a molecular weight of 580,000. This transition has been exploited as an alternate route of purifying the enzyme to homogeneity using successive sucrose density centrifugation. Polyacrylamide gel electrophoresis of the enzyme in the presence of sodium dodecyl sulfate shows that the enzyme consists of two unequal subunits with molecular weights of 110,000 and 45,000. The two subunits were separated by gel filtration in the presence of 1 M potassium thiocyanate, ATP, MgCl2, glutamine, NH4Cl, ornithine, and UMP. The heavy subunit catalyzes the synthesis of carbamylphosphate from ammonia but not glutamine. The ATP saturation curve for the separated heavy subunit is still sigmoidal (n equals 1.4 and So.5 equals 0.3 mM). The ammonia dependent activity of the heavy subunit is stimulated by the activators ornithine, IMP, and phosphoribosyl-1-pyrophosphate but is only marginally inhibited by high concentrations of UMP. The addition of the light subunit restored full ability to utilize glutamine as well as normal sensitivity to UMP. Purified subunits were used for in vitro complementation studies with strains carrying mutations in pyrA, the structural gene encoding carbamylphosphate synthetase. The results indicate that the pyrA region encodes both subunits and that the structural genes for the two polypeptides are linked. A deletion mutant lacking both subunits of carbamylphosphate synthetase also lacked any ability to synthetize carbamylphosphate from ammonia. Hence, unlike certain other bacteria, S. typhimurium does not possess a carbamate kinase.